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3.1 Agricultural Equipment

3.1.1 Circulation Fans

DESCRIPTION

Agricultural circulation fans are fans located in barns to provide air movement that helps to keep animals cool.
Circulation fan efficiency is expressed as CFM1/watt and is derived from the thrust efficiency ratio (TER) in pounds
force per watt (Ibf/W).

The measure applies to newly installed circulation fans or replacing an existing unit that reached the end of its useful
life in agricultural applications.

This measure was developed to be applicable to the following program types: TOS.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment must be certified by BESS Labs? with fan diameters
above 12 inches that meet program minimum efficiency requirements.

IPL Minimum Efficiency

Diameter of Fan (inches)

(CMF/Watt) at (0.05 SP)
12-23 10.7
24-35 11.5
36-47 19.0
48+ 21.5

Efficient fans are assumed to be governed by thermostatic on/off controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a new fan that does not meet program requirements. This characterization
assumes that the baseline condition uses on/off thermostatic controls to automatically operate the fans above a
designated temperature threshold and shut them off when temperature drops below setpoint.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 16 years®.

DEEMED MEASURE COST

The incremental capital cost for all fan sizes is actual cost. If actual costs are not available, use $150.#

LOADSHAPE

1 Cubic Feet per Minute

2 University of lllinois, Department of Agricultural and Biological Engineering. http://bess.illinois.edu/

3 Average motor life: 35,000 hours divided by annual run hours, taken to be the default average of 2,099 (see description of
default on following pages). Rounded down to nearest whole year. Motor life source: US DOE Advanced Manufacturing Office.
Motor Systems Tip Sheet #3.

4 Act on Energy Commercial Technical Reference Manual No. 2010-4.
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Loadshape NREVO06-Industrial Ventilation

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Watts_base — Watts_ee
AkWh = 1000 * Hours * Nfans

Where:

Watts_base® = Demand (W) of baseline fan

Diameter of Fan (inches) \ Watts_base (0.05 SP)

12-23 366

24-35 615

36-47 810
48+ 1358

Watts_eeb = Demand (W) of efficient fan

Diameter of Fan (inches) =~ Watts_ee (0.05 SP)

12-23 298
24-35 440
36-47 529

48+ 993

Hours = Actual hours of operation. Typically the fans will be operated above certain temperature
thresholds, and therefore the operating hours can be reasonably estimated using the Ag
Ventilation Operating Hours Calculator if temperature setpoints are known. If not, the
following table” can be used to establish operating hours by facility type (hog or dairy).
For dairy facilities the typical temperature setpoint can be assumed to be 70°F, and for
hog facilities it can be assumed to be 60°F, as these are the recommended temperatures
above which comfort cooling should be provided for livestock®.

Facility Type Annual Hours of Operation

Hog 3597
Dairy 2099

Nfans = Number of circulation fans

= Actual

SUMMER COINCIDENT PEAK DEMAND SAVINGS

ARW Watts_base — Watts_ee CFx N
= * *
1000 fans

5 BESS fan database downloaded on 7/1/2015. Average watts from models below standard. AgCirculation Fans.xls
6 BESS fan database downloaded on 7/1/2015. Average watts from models above standard. AgCirculation Fans.xls
7 Based on TMY3 data for Des Moines.

8 Dairy Farm Energy Management Guide, Southern California Edison February 2004.
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Where:
CF = Summer Peak Coincidence Factor

= 100%°
NATURAL GAS ENERGY SAVINGS
N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: NR-AGE-CIRC-V01-170101

SUNSET DATE: 1/1/2021

9 Industrial Ventilation CF from eQuest.
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3.1.2 Ventilation Fans

DESCRIPTION

Agricultural ventilation fans provide ventilation air to keep animals cool. Fan efficiency is expressed as CFM/watt
and is derived from the thrust efficiency ratio (TER) in pounds force per watt (Ibf/kW).

The measure applies to newly installed ventilation fans or replacing an existing unit that reached the end of its useful
life in agricultural applications.

This measure was developed to be applicable to the following program types: TOS.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment must be certified by BESS Labs® with fan
diameters above 14 inches that meet program minimum efficiency requirements.

IPL Minimum Efficiency
(CMF/Watt) at (0.05 SP'%)

Diameter of Fan (inches)

14-23 10.1
24-35 13.5
36-47 17.4
48+ 20.3

Efficient fans are assumed to be governed by thermostatic on/off controls.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a new fan that does not meet program requirements. This characterization
assumes that the baseline condition uses on/off thermostatic controls to automatically operate the fans above a
designated temperature threshold and shut them off when temperature drops below setpoint.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 16 years!2,
DEEMED MEASURE COST

The incremental capital cost for all fan sizes is actual cost. If actual cost not available, use $15013.

LOADSHAPE

Loadshape NREVO06-Industrial Ventilation

Algorithm

CALCULATION OF SAVINGS

10 University of lllinois, Department of Agricultural and Biological Engineering. http://bess.illinois.edu/

11 Static Pressure.

12 Average motor life: 35,000 hours divided by annual run hours, taken to be the default average of 2,099 (see description of
default on following pages). Rounded down to nearest whole year. Motor life source US DOE Advanced Manufacturing Office.
Motor Systems Tip Sheet #3.

13 Act on Energy Commercial Technical Reference Manual No. 2010-4.
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ELECTRIC ENERGY SAVINGS

Watts_base — Watts_ee

AkWh = 1000 * hours * Nfans
Where:
Watts_basel*  =Demand (W) of baseline fan
Diameter of Fan (inches) \ Watts_base (0.05 SP)
14-23 382
24-35 550
36-47 879
48+ 1353
Watts_eel® = Demand (W) of efficient fan
Diameter of Fan (inches) \ Watts_ee (0.05 SP)
14-23 304
24-35 383
36-47 565
48+ 1041
Hours = Actual hours of operation. Typically the fans will be operated in a staged fashion such
that only a fraction of total fans are operating in conditions that do not require maximum
installed capacity. Accordingly, effective full load hours (EFLH) should be determined
based on operating schedule and considering factors such as number of fans, stages, and
temperature band definitions. If this information is unavailable, the table below may be
used to reasonably estimate EFLH for hog and dairy facilities, based on typical control
schedules?.
Facility Type \ Annual EFLH
Hog 4923
Dairy 4205
Nfans = Number of ventilation fans

= Actual

SUMMER COINCIDENT PEAK DEMAND SAVINGS

Watts_base — Watts_ee

AW = 1000 * CF x Nfans
Where:
CF = Summer Peak Coincidence Factor
=100%7

NATURAL GAS ENERGY SAVINGS

14 BESS fan database downloaded on 7/1/2015. Average watts from models below standard. AgVentilationFans.xls

15 BESS fan database downloaded on 7/1/2015. Average watts from models above standard. AgVentilationFans.xls

16 See “Ventilation Op Hours.xlIsx” workbook for a complete description and derivation of default operating hours. EFLH based on
TMY3 data for Des Moines.

17 Industrial Ventilation CF from eQuest.
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N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: NR-AGE-VENT-V01-170101

SUNSET DATE: 1/1/2021
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3.1.3 High Volume Low Speed Fans

DESCRIPTION

High volume low speed (HVLS) fans provide air circulation to improve thermal comfort and indoor air quality. The
measure applies to HVLS fans that are replacing multiple less efficient conventional fans in agricultural applications.
This measure assumes single-speed, steady state operation for both baseline and efficient equipment.

This measure applies to the following program types: RF, NC.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment must be a fan with a diameter above 16 feet that
meets program minimum efficiency requirements.

DEFINITION OF BASELINE EQUIPMENT

As a retrofit measure, the actual existing conditions are taken as baseline. The number and wattage of the existing
fans shall be used to define baseline energy consumption. As a new construction measure, baseline is taken as the
total operating wattage of conventional fans required to match the flow rate (CFM) rating of the efficient equipment.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 16 years?8.

MEASURE COST

As a retrofit measure, the actual installation cost should be used for screening and reporting purposes. For a new
construction measure, the incremental measure costs are as follows!®:

Diameter of Fan (feet) Incremental Cost

16-17.9 $4100
18-19.9 $4130
20-23.9 $4190

24 + $4230

LOADSHAPE

Loadshape— NREVO06-Industrial Ventilation

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

18 Average motor life: 35,000 hours divided by annual run hours, taken to be the default average of 2,099 (see description of
default on following pages). Rounded down to nearest whole year. Motor life source US DOE Advanced Manufacturing Office.
Motor Systems Tip Sheet #3.

19 Incremental costs linearly extrapolated using cost data from the Illinois ActOnEnergy TRM No. 2010-4. Midpoints were used to
establish a single cost for each fan diameter category. Costs rounded up to the nearest $10.
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Z('Nbase * Wattsbase) - Z(Nee * Wattsee)

AkWh = Hours
1000 i
Where:
Nbase = Number of baseline (conventional) fans being replaced (of equivalent wattage)
= Actual (for Retrofit projects). For new construction projects, the number of baseline
fans should be set equivalent to the number of HVLS fans being installed.
Wattsbase = Operating demand (W) of baseline fan
=Actual (Retrofit). For new construction projects refer to the New Construction HVLS
connected load savings table below.
Nee = Number of efficient fans installed (of equivalent wattage)
= Actual
Wattsee = Operating demand (W) of efficient fan
= Actual (Retrofit). For new construction projects refer to the New Construction HVLS
connected load savings table below.
New Construction HVLS connected load savings
Diameter of Fan (feet) \ Watts_base Watts_ee
16-17.9 4497 761
18-19.9 5026 850
20-23.9 5555 940
24 + 6613 1119
Hours = Actual hours of operation. Typically the fans will be operated above certain temperature

thresholds, and therefore the operating hours can be reasonably estimated using the Ag
Ventilation Operating Hours Calculator if temperature setpoints are known. If not, the
following table?® can be used to establish operating hours. For dairy facilities the typical
temperature setpoint can be assumed to be 70°F, and for hog facilities it can be assumed
to be 60°F, as these are the recommended temperatures above which comfort cooling
should be provided for livestock.?

Facility Type ‘ Annual Hours of Operation
Hog 3597
Dairy 2099

SUMMER COINCIDENT PEAK DEMAND SAVINGS

_ Z('Nbase * Wattsbase) - Z(Nee * Wattsee) « CF

Akw 1000

Where:
CF = Summer Peak Coincidence Factor

=100%22

NATURAL GAS ENERGY SAVINGS

20 Based on TMY3 data for Des Moines.
21 Dairy Farm Energy Management Guide, Southern California Edison February 2004.
22 Industrial Ventilation CF from eQuest.
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N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: NR-AGE-HVLS-V01-170101

SUNSET DATE: 1/1/2021 ¢
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3.1.4 Temperature Based On/Off Ventilation Controller

DESCRIPTION

Temperature based on/off ventilation controllers on agricultural ventilation fans can reduce fan run times and save
energy. This measure applies to ventilation controllers installed on existing ventilation fans. Although the complexity
and intelligence of available controls can vary widely, this characterization claims savings strictly from the on/off
control of ventilation fans based on temperature. Additional savings may result from highly intelligent controls that
automate heating and cooling stages or multiple modes of ventilation. Savings from such controls are best handled
as a custom calculation because commissioning is required to optimize functionality based on unique site and design
considerations.

This measure was developed to be applicable to the following program types: RF.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, a new ventilation controller is installed on new or existing ventilation fans.
Temperature based on/off control is considered industry standard practice for new ventilation systems and
therefore this characterization only applies to retrofit situations.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a fan that does not have a ventilation controller. It is assumed that fans are
operated continuously in their maximum capacity from the first hot day in spring to last hot day in fall. For hog
operations, “hot” is defined as temperatures above 60°F. For dairy operations, “hot” is defined as temperatures
above 70°F. Additionally, it is assumed that for hog facilities, 30% of fans operate continuously, year-round to meet
minimum ventilation requirements. For dairy facilities, 10% of fans are assumed to operate continuously.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life is assumed to be 7 years23,
DEEMED MEASURE COST

As a retrofit measure, the actual installation cost should be used for screening and reporting purposes.

LOADSHAPE

Loadshape NREVO6-Industrial Ventilation

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Watts_fan
AkWh = T 1000 * (Hourscontrot)

Where:

23 Average motor life 35,000 hours as estimated by US DOE Advanced Manufacturing Office. Motor Systems Tip Sheet #3 divided
by run hours.
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Controller
Watts_fan = Total wattage of controlled fans
= Actual - If unknown, the following table can be used to estimate:24:
Diameter of Fan (inches) \ Watts_fan (0.05 SP)
14-23 382
24-35 550
36-47 879
48+ 1353
Hourscontrol = reduction in fan run hours due to controller

= 1384 hours for hog facilities or 624 hours for dairy facilities?®

SUMMER COINCIDENT PEAK DEMAND SAVINGS

N/A - Assume fans will be running and therefore no savings during peak period.
NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: NR-AGE-VCON-V01-170101

SUNSET DATE: 1/1/2021

24 BESS fan database downloaded on 7/1/2015. Average watts from models considered baseline. AgVentilationFans.xls
25 Refer to “Ventilation Op Hours.xlsx” workbook for a complete derivation.
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3.1.5 Automatic Milker Take Off

DESCRIPTION

This measure characterizes the energy savings for the installation of automatic milker takeoffs on dairy milking
vacuum pump systems. Automatic Milker Takeoff measure reduces energy use by shutting off the milking vacuum
pump suction once a minimum flowrate has been achieved.

Because automatic milker takeoffs have been standard equipment in new milk parlors since 199526 this measure is
limited to existing dairy parlors for which no size upgrade or other vacuum system improvement has happened.

DEFINITION OF BASELINE EQUIPMENT

The baseline is an existing dairy parlor with no previously existing automatic milker takeoff and no plans to increase
size and or make any other vacuum improvements.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a milker takeoff is 1527 years.
DEEMED MEASURE COST

Retrofit measure, actual costs will be used.-

LOADSHAPE

Loadshape NRE11 — Nonresidential Agriculture

Algorithm

CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS ALGORITHM:

Annual kWh = kWh/cow /milking * Nmilkings * Ncows
Where:

kWh/Cow =5028
Nmilkings = Number of milkings per day

= Actual, if unknown use 22°
Ncows = Number of milking cows per farm

= Actual, if unknown use 9030

26 Reinemann, D. “Milking Facilities for the Expanding Dairy” presented at the 1995 conference of the

WVMA. University of Wisconsin-Madison, Department of Agricultural Engineering Milking Research and

Instruction Lab.

27 Value based on engineering judgment.

28 Alliant's Global Energy Partners impact calculations in DSM Tracking, 2006, and in agreement with IPL Energy Efficiency
Programs 2009 Evaluation, KEMA. Appendix F Program Evaluations Group 1, Vol 2.

29 Default value based on engineering judgment, Alliant's Global Energy Partners impact calculations in DSM Tracking, 2006.
302007 AG Census in IA. Average number of cows per farm = 215,391/2,390 = 90, p. 393:
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SUMMER COINCIDENT PEAK DEMAND SAVINGS:

AW = AkWh x CF
FLH
Where:
FLH = Full Load Hours
=3784%
CF = Coincidence Factor
=0.793%

NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: NR-AGE-AMTO-V01-170101

SUNSET DATE: 1/1/2021

http://www.agcensus.usda.gov/Publications/2007/Full_Report/usvl.pdf

31 Assumes average number of milkings per day is 2.8, average hours per milking is 3.7 hours and milking occurs 365.25 days a
year. Source Milking System Air Consumption When Using a Variable Speed Vacuum Pump. Paper Number: 033014 An ASAE
Meeting Presentation. July 2003

32 Cadmus Loadshape analysis IA_Loadshapes_ WORKING DRAFT.xls
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3.1.6 Dairy Scroll Compressor

DESCRIPTION

This measure characterizes the energy savings from the installation of an efficient scroll compressor in place of a
reciprocating compressor for dairy parlor milk refrigeration.

This measure applies to the following program types: RF.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is a more efficient scroll compressor from 1 to 10 HP replacing an existing reciprocating
compressor with the same horsepower for dairy parlor milk refrigeration.

DEFINITION OF BASELINE EQUIPMENT

The baseline is the existing reciprocating compressor for dairy parlor milk refrigeration.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 12 years %,

DEEMED MEASURE COST

As a retrofit measure, the actual installation and equipment costs are used.

LOADSHAPE

Loadshape NREO1 - Non-Residential Refrigeration - Grocery

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

1 1
EERpqse EER,,

X NCows

1
AkWh = ( )x Gal x Days,, x Specificpeqs X Densitymy x AT x 1000

Where:
EERBase = Cooling efficiency of existing compressor in Btu/watt-hour
= Actual, if unknown use values from table below34
EERee = Cooling efficiency of efficient scroll compressor in Btu/watt-hour

= Actual, if unknown use values from table below3®

33 2014 Database for Energy-Efficiency Resources (DEER), Version 2014.2.04, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, February 4, 2014
(http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xlIsx)

34 Efficiency Vermont TRM User Manual No. 2014-87 and spreadsheet compressor efficiency analysis EVT Refrigeration
2013.xlsx In 2013 data from compressor manufacturers was downloaded to calculate average efficiency available for various
categories of compressors. These average values are used for baseline efficiency.

35 Efficiency Vermont TRM User Manual No. 2014-87 and spreadsheet compressor efficiency analysis EVT Refrigeration
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Medium Temperature
Baseline and Qualifying EER

Condensing temp 90°F, Evap Temp 20°F

Capacity Bins in

BTU/Hr HP equivalent Average EERbase  Average EERee
0-7500 1 8.14 9.03
7500-14999 2 9.28 10.86
15000-22499 3 10.64 11.83
22500-29999 4 11.18 12.15
30000-37499 5 11.12 12.39
37500-44999 6 11.74 12.70
45000-52499 7 11.68 12.52
52500-59999 8 12.54 13.12
60000-67499 9 12.46 13.13
67500-75000 10 11.44 12.37
Gal = Gallons of milk produced by one cow in a day
- 636
Daysyr = Number of days per year
=365.25
Specificheat = Specific heat of milk in Btu/lb-°F
=0.93%
Densitymilk = Density milk in Ib/gal
=8.7%8
AT = Required change in temperature (with precooler) in °F
=1939

Required change in temperature (without precooler) in °F

= 5940
1000 =Conversion factor from watts to kilowatts
Ncows = Number of cows

= Actual, if unknown use 90 cows*!

2013.xIsx In 2013 data from compressor manufacturers was downloaded to calculate average efficiency available for various
categories of compressors. These average values are used for baseline efficiency.

36 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2

37 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2

38 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2

39 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2.

40 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2.

41 Entered from application form; default value based on 2007 AG Census in IA. Average number of cows per farm =215,391/2,390
=90, p. 393: http://www.agcensus.usda.gov/Publications/2007/Full Report/usvl.pdf
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AKW AkWh
= x
FLH

Where:

FLH =Full load hours. The refrigeration is assumed to be in operation every day of the year,
but because of compressor cycling the full load hours are 3910 hours for medium
temperature applications*?

CF = System Peak Coincidence Factor. Assume non-residential average of 96.4%

NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: NR-AGE-SCROL-V01-170101

SUNSET DATE: 1/1/2021

42 Based on run time estimates from “Performance Standards for Walk-In Refrigerator and Freezer Systems,” AHRTI Report No.
09002-01, by Bryan R. Becker, et al., January 2012, Tables 30-33
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3.1.7 HeatlLamp

DESCRIPTION

This measure characterizes the energy savings from the installation of an of reduced wattage heat lamps to heat
infant animals (especially pigs) during the summer months.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is the reduced wattage heat lamp must be less than or equal to 125 watts.
DEFINITION OF BASELINE EQUIPMENT

The baseline is standard wattage heat lamps of 175 watts.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of efficient lamp is 5,000 hours

DEEMED MEASURE COST

Incremental cost is assumed to be $043.

LOADSHAPE

Loadshape C04 - Nonresidential Electric Heating

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
WBase - WEff
Annual kWh = 1000 x Hours x Nypits

Where:

WBase = Wattage of baseline heat lamp

=175 watts*
Wesr = Wattage of reduced wattage heat lamp

= Actual if known, otherwise assume 125 watts?®

Hours = Annual heat lamp operating hours*6

43 Internet search on www.gcsuplly.com indicates no cost differential between 125 w and 175 w bulbs
44The 175 watt baseline is based on standard practice based on discussions with IPL’s program manager Dave Warrington on
October 14, 2015.

45 The 125 watt bulb replaces a 175 watt bulb, baseline is based on discussions with IPL’s program manager Dave Warrington on
October 14, 2015

46 5,105 hours for the default value is based on: Calculation method from lowa State University farm manager (Ben Drescher):
"At minimum I'd say they are on 24-7 from Oct-March March-May 12 hours a day June-September 8 hours a day. You’d also
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=5,105 hours

1,000 = Conversion factor from watts to kilowatts
=1,000

Nunits = Number of units installed
= Actual

SUMMER COINCIDENT PEAK DEMAND SAVINGS

No summer coincident peak demand savings for heating measures
NATURAL GAS SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A

MEASURE CODE: NR-AGE-HTLP-V01-170101

SUNSET DATE: 1/1/2021

take off for power washing ect so if you had a 24 day turn in a farrowing room you’d run them for 21 days and turn the room
subtract 3 days from x 15 turns a year - resulting in 5120 hours." 5120 is rounded up. Actual calculation results in 5,105 hours.
Additional information to support this hour value is an email sent 10/23/15. "FW: Heat lamp bulbs". Itron benchmarked the
HOU with their our analysis which resulted in 5,109 hours: 30.42 days/month; 3 months (summer) run 33% of time; 6 months
run 50% of time; 3 months (winter) run full time.
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3.1.8 Heat Reclaimer

DESCRIPTION

This measure characterizes the energy savings from the installation of a milkhouse heat reclaimer to reduce waste
heat from milk cooling compressor. The heat reclaimer captures the waste heat from the compressors being
removed from the milk.

This measure applies to the following market: RF.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure are new equipment must be of one of the following brands: Century-Therm,
FreHeater, Heat Bank, Sunset, Superheater and Therma-Stor. Also must have an electric water heater to achieve
electric savings.

DEFINITION OF BASELINE EQUIPMENT

The baseline is milk cooling compressor and electric water heater; no existing heat reclaimer installed.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a heat reclaimer is 14 years*’

DEEMED MEASURE COST

As a retrofit measure, the actual installation cost should be used

LOADSHAPE

Loadshape C04 - Nonresidential Electric Heating

Algorithm
CALCULATION OF SAVINGS
ELECTRIC ENERGY SAVINGS
Heat Available = 6 MK g7 1D 00325 . Milk AT °F x 365.25 d
eat Available = ow — X 8 gal milk x 0. IbF x Mi X . ays
day
uh
= 1,045,438 without precooler
cow yr
uh
= 336,667 with precooler
cow yr
Heat St _pp SOLHZ0 oss P 70 H20 AT ! 365.25 d
eat storage = 2. Cow/Day x e gal H20 x *090EF* ' ays

47 2014 Database for Energy-Efficiency Resources (DEER), Version 2014.2.04, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, February 4, 2014
(http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xIsx)
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Btuh
= 520,879 ——
yr
Where:
E.F. = Energy factor of the electric water heater
AT = 59°F without precooler installed; 19°F with precooler installed

These equations reveal that the heat available from the milk limits the usable heat when a

precooler is installed. In the absence of a precooler, the heat storage limits the usable heat, as

shown in Table 1 below.

Table 1 - Reclaimable Heat

Case \ Btuh/yr Limitation
No Precooler 468,791 Heat Storage
With Precooler 336,667 Heat Storage
YWh Reclaimable Heat 0.000293 kWh
= x 0. —_—
E.F Btuh
Where:
E.F. = Energy factor of the electric water heater
= Actual, if unknown use 0.9048
Reclaimable Heat = Values Shown in Table 2
0.000293 = Conversion factor from Btuh to kWh
Table 2 — Heat Reclaimer Savings
(o1 | kWh/Cow
No precooler installed 152.7
Precooler installed 109.6

This method requires the program to collect information on existing precooler installation. When rebating a

precooler and heat reclaimer at the same time, KEMA recommends that IPL follows the installation order discussed

above. This measure should be limited to electric or natural gas water heaters only. Customers with propane

water heaters will not achieve any electric or natural gas savings for this measure.

SUMMER COINCIDENT PEAK DEMAND SAVINGS
N/A

NATURAL GAS SAVINGS

N/A

PEAK GAS SAVINGS

N/A

48 Entered from application form; default value based on: IPL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F

Program Evaluations Group 1, Vol 2.
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WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CODE: NR-AGE-HTRE-V01-170101

SUNSET DATE: 1/1/2021
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3.1.9 Heat Mat

DESCRIPTION

This measure characterizes the energy savings from the replacement of heat lamps with heat mats. Heat lamps in
farrowing barns direct heat downward to keep the piglets warm. By replacing the heat lamps with hog heat mats
reduces the amount of heat lost to the ambient air by heating directly beneath the piglets. Farrowing heat mat have
a lower wattage draw than the typically heat lamp setup which results in annual energy savings.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is the reduced wattage heat mat must be less than or equal to
90 watts for a single mat (typically sized at 14” x 60”) and then less than or equal to 180 watts for a double mat
(typically sized at 24” x 60”). Must replace an existing heat lamp system.

DEFINITION OF BASELINE EQUIPMENT

The baseline is standard wattage heat lamps.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life of a heat mat is 54° years.
DEEMED MEASURE COST

Incremental cost is assumed to be $$225%

LOADSHAPE

Loadshape C04 - Non-Residential Electric Heating

Algorithm

CALCULATION OF ENERGY SAVINGS®!

ELECTRIC ENERGY SAVINGS

AkWh = [(Matssl-ngle * SavingssmyleMat) + (Matspoupre * SavingsDoubleMat)] — Controller x Controller Impact

Where:
MatsSingle = Number of single mats at 90 watts or less, actual
MatsDouble = Number of single mats at 180 watts or less, actual
SavingsSingleMat =657 kWh/mat
SavingsDoubleMat =1,315 kWh/mat
Contoller = Number of Controllers, actual

49professional judgement

50 Cost data comes from Hog Hearth Heat Mat Calculator “Rev 03 02 14 Copy of Electrical costs 5 ft heat mats.xls” .
Spreadsheet was shared with Cadmus but requested that document not be released publically.

51All variable values come from: IPL Custom Farrowing Heat Mat Calculator
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Controller Impact =383 kWh/usage per controller

Custom calculation for heat mats shown below, otherwise use deemed values listed above.

Annual kWh = kWhgese — kWhgg

Cratesrorqr * Hoursy, * Fixturecrqre * LaMPpixiyre * Wattage gmy

Watts
1000 %y~

kWhgg = Controller + Cratesginge + Cratesgoupie

kWhgqse =

Controlleryq, * Hours,, * Rooms * [(MSURoomx MSUyqttage )]

Controller =

1000 Watts
kWh
c _ [(cratessingie—row * Singlewattage* Singlemar Rows ) |
ratessmgle = 1000 Watts
kKWh
_ [(cratesgoupie* Doublewarrage* Doublepqr* Rows ) |
CrateSgoupie = Watts

1000 Zn-

CrateSrotqr = (Cratessingle_Row + CratesDouble_Row) x Rows x Rooms

Hoursy, = ( 365.25 24 « DaySrarrowing )
aySgarrowing T DAYScieaning
Where:
CratesTotal = Number of crates
=234
HoursYr = Annual hours of operation
=5,105 hours52
FixtureCrate = Number of heat lamp fixtures per crate
=1.25
LampFixture = Number of heat lamps per fixture
=1
WattageLamp = Wattage of heat lamp
=175
1000 Watts/kW = Constant, conversion factor for watts to kWh

52 While heat mat hours do vary from heat lamps slightly, the savings assumptions match heat lamp hours for
consistency. Calculation method from lowa State University farm manager (Ben Drescher): "At minimum I'd say they
are on 24-7 from Oct-March March-May 12 hours a day June-September 8 hours a day. You’d also take off for power
washing ect so if you had a 24 day turn in a farrowing room you’d run them for 21 days and turn the room subtract
3 days from x 15 turns a year - resulting in 5120 hours." Cadmus did not round data and estimated 5,105 hours.
Email sent 10/23/15. "FW: Heat lamp bulbs". Itron benchmarked the HOU with their our analysis which resulted in
5,109 hours: 30.42 days/month; 3 months (summer) run 33% of time; 6 months run 50% of time; 3 months (winter)
run full time.
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ControllerAdv

Rooms

MSURoom

MSUWattage

CratesSingle-Row

SingleWattage

SingleMat

Rows

CratesDouble-Row

DoubleWattage

DoubleMat

365

24

DaysFarrowing

DaysCleaning

= Controller advantage

=1

= Number of rooms per farrowing barn

=9

= Number of master sensor units (MSU) per room

=1

= Wattage of master sensor unit

=75W

= Number of single crates per row

=1

= Wattage of a 14” x 60” farrowing heat mat

=90W

= Number of 14” x 60” farrowing heat mats per single crate
=1

= Number of rows per room

=2

= Number of Double Crates per Row

=12

= Wattage of a 24” x 60” farrowing heat mat

=18

= Number of a 24” x 60” farrowing heat matt

=0.5

= Number of days per year

= Number of hours per day

= Number of days per cycle the farrowing barn is used
=2153

= Number of days per cycle the farrowing barn is cleaned

=354

SUMMER COINCIDENT PEAK DEMAND SAVINGS

No summer coincident peak demand savings for heating measures

53 “Removing the piglets from the sow can occur anytime after 14 days of age. Many commercial operations wean
pigs prior to 21 days of age.” http://extension.psu.edu/courses/swine/reproduction/farrowing-management

54 Industry standard is 3 days to properly disinfect farrowing stalls to get ready for the next group.
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NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: NR-AGE-HTMT-V01-170101

SUNSET DATE: 1/1/2021
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3.1.10 Grain Dryer

DESCRIPTION

This measure characterizes the energy savings from the replacement of an existing, old grain dryer with a new
grain dryer. Electric savings are achieved by replacing old grain dryers with new grain dryers that operate more
efficiently due to design improvements, increased throughput, capacity, production, and reduced hours of
operation.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is the Installation of a new electric grain dryer. Bushels per hour must be provided by
the manufacturer, rated at 5 points of moisture removal per bushel. Gas dryers and those with capacities larger
than 2,000 bushels/hour must go through the Custom Rebate program,

DEFINITION OF BASELINE EQUIPMENT

The baseline older grain dryers and is the same for retrofit, market opportunity, and new construction as old or
refurbished grain dryers are available on the market.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life of a grain dryer is 15 years®®

DEEMED MEASURE COST

Actual material and labor costs should be used if the implementation method allows. If unknown the capital cost for
this measure is assumed to be the values as summarized in the table below®5.

Tier (bushels per hour) Tier (annual bushels) Average Incremental cost
<500 < 170,000 $20,000.00
> 500 and < 1000 > 170,000 and < 330,000 $30,000.00
> 1000 and < 2000 > 330,000 and < 670,000 $40,000.00
> 2000 and < 3500 > 670,000 and < 1,200,000 $70,000.00
> 3500 and <5000 > 1,200,000 and < 1,700,000 $100,000.00

LOADSHAPE

Loadshape NRE11 — Non-Residential Agriculture

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

AkWh = Bushelsyr * (KWhgysneti ota — kKWhpyshet new)

Where:

Bushelsy, = Number of average bushels dried per year

55 Estimate based on professional judgment
56 Source: Version 9_9_15 Formatted Grain Dryer Prescriptive.xls
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= Actual, if unknown use Table5”

Savings Tier (Bushels/hr) . .
from manufacturer Savings Tier (Bushels/yr) Average Bushels/yr
<500 < 170,000 85,000
> 500 and < 1,000 > 170,000 and < 330,000 225,000
> 1,000 and < 2,000 > 330,000 and < 670,000 400,000
>2,000 and < 3,500 > 670,000 and < 1,200,000 900,000
> 3,500 and < 5,000 > 1,200,000 and < 1,700,000 1,400,000
kWhsgushei od = kWh usage per bushel for an old grain dryer
=0.0755%8
kWhaushel new = kWh usage per bushel for an new grain dryer
=0.035%

SUMMER COINCIDENT PEAK DEMAND SAVINGS

This technology does not provide peak demand savings; grain drying operations do not run during peak summer
months.

NATURAL GAS ENERGY SAVINGS
N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DEEMED O&M COST ADJUSTMENT CALCULATION

N/A
MEASURE CoDE: NR-AGE-GNDR-V01-170101

SUNSET DATE: 1/1/2021

57 Alliant Energy Custom Rebate project data from 2012-2014
58 Alliant Energy Custom Rebate project data from 2012-2014
59 Alliant Energy Custom Rebate project data from 2012-2014
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3.1.11 Live Stock Waterer

DESCRIPTION

Automatic waterers consist of an insulated base and a heated bowl that automatically fills with water from a
pressurized line. A float-operated valve controls the level of the water in the bowl. A thermostat regulates the water
temperature in the bowl.

This measure applies to the replacement of electric open waterers with equivalent herd size watering capacity of
the old unit.

This measure was developed to be applicable to the following program types: TOS.

DEFINITION OF EFFICIENT EQUIPMENT

In order for this characterization to apply, the efficient equipment is an electrically heated thermally insulated
waterer with minimum 2 inches of insulation. A thermostat is required on unit with heating element greater than or
equal to 250 watts

DEFINITION OF BASELINE EQUIPMENT

In order for this characterization to apply, the baseline equipment is assumed to be an electric open waterer with
sinking or floating water heaters that have reached the end of useful life.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years0.
DEEMED MEASURE COST

The incremental capital cost for the waters are $787.50:61,

LOADSHAPE

Loadshape C04 - Nonresidential Electric Heating

Algorithm
CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS
AkWh KWh N,
el ——— 3 .
waterer ~ UMES

Where:

kWh/Waterer =11045%2

Nunits = Number of waterers installed per farm

60 Act on Energy Commercial Technical Reference Manual No. 2010-4.Typical warranty on waterers is 10 years.
61 Act on Energy Commercial Technical Reference Manual No. 2010-4.
62 Alliant's Global Energy Partners impact calculations in DSM Tracking, 2006 and is in agreement with IPL 2014 EEP filing
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ANNUAL ENERGY DEMAND ALGORITHM:

No summer coincident peak demand savings for heating measures
NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION

N/A

DeemMED O&M CosT ADJUSTMENT CALCULATION

N/A

MEASURE CODE: NR-AGE-LSWT-V01-170101

SUNSET DATE: 1/1/2021
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3.1.12 Low Pressure Irrigation

DESCRIPTION

This measure characterizes the energy savings from the replacement of an existing irrigation system with a more
energy-efficient system. Low pressure nozzles are used to decrease the necessary pump pressure.

DEFINITION OF EFFICIENT EQUIPMENT

The criteria for this measure is a new irrigation system that reduces the pump pressure of an existing system by at
least 50%.

DEFINITION OF BASELINE EQUIPMENT

The baseline for this measure is the existing irrigation system.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is 53 years

DEEMED MEASURE COST

As a retrofit measure, the actual installation and equipment costs are used.

Loadshape NRE11 — Nonresidential Agriculture

Algorithm

CALCULATION OF ENERGY SAVINGS
ELECTRIC ENERGY SAVINGS

Flow
Pressure * Acre Acres
kWh = 0.746 = hours *

1715 * Pump,gf

Where:
Hours = hours irrigation system runs per season

=864 hrs/yr®

Acres = Actual

Flow per Acre =5 gallons/minute/acre®

1715 = Conversion factor from PSI x GPM ((Ib x gallons) / (sq. in x min)) to horsepower
Pumpefs = Actual, if unknown use 0.70°¢

63 2014 Database for Energy-Efficiency Resources (DEER), Version 2014.2.04, “Effective/Remaining Useful Life Values”,
California Public Utilities Commission, February 4, 2014
(http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xIsx)
64 KEMA, Appendix F Program Evaluations Group 1 Vol 2; page 353

65 KEMA, Appendix F Program Evaluations Group 1 Vol 2; page 353.

66 Appendix F Program Evaluations Group 1 Vol 2; page 354
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SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkWh
AKW = FLH x CF
FLH = Full Load Hours
= 67685
CF = Summer System Peak Coincidence Factor 79.3%°%8

NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: NR-AGE-LIRR-V01-170101

SUNSET DATE: 1/1/2021

67 Cadmus Loadshape analysis IA_Loadshapes_ WORKING DRAFT.xls
68 |JA_Electric_Loadshapes.xls
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3.1.13 Variable Speed Frequency Drive for Dairy Vacuum Pump and Milking Machine

DESCRIPTION

This measure characterizes the energy savings from the installation of VFDs on dairy vacuum pumps or
replacement of existing constant speed dairy vacuum pumps with dairy vacuum pumps with variable speed
capabilities.

This measure applies to the following markets: RF.
DEFINITION OF EFFICIENT EQUIPMENT

The criterion for this measure is the installation of a VFD on the milking vacuum pump. This measure applies only
for blower-style pumps (not rotary-vane vacuum pumps).

DEFINITION OF BASELINE EQUIPMENT

The baseline is an existing pump without a VFD.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life for a VFD is 15 years.®®
DEEMED MEASURE COST

Actual material and labor costs should be used.

LOADSHAPE

Loadshape NRE11 — Non-Residential Agriculture

Algorithm

CALCULATION OF SAVINGS

ANNUAL ENERGY SAVINGS ALGORITHM:

Electric Savings kWh
Annual kWh = 16 * NMilking * NCows
Where:
16 = Annual energy savings per cow per milking from VSD dairy vacuum pump
(kwWh/cow/milking)
= 1670
Ncows = Number of milking cows per farm

= Actual, if unknown use 907*

69 2014 Database for Energy-Efficiency Resources (DEER), Version 2014.2.04, “Effective/Remaining Useful Life Values”,

California Public Utilities Commission, February 4, 2014
(http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xIsx

70 Alliant's Global Energy Partners impact calculations in DSM Tracking, 2006, and in agreement with IPL Energy Efficiency
Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2.

71 Entered from application form; default value from 2007 AG Census in IA. Average number of cows per farm = 215,391/2,390 =
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ANNUAL ENERGY DEMAND ALGORITHM:
Electric Demand Savings Peak kW

ARW = AkWh i
FLH
Where:
FLH = Full Load Hours
= 368972
CF = coincidence factor
=0.7937®

NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CODE: NR-AGE-VDVP-V01-170101

SUNSET DATE: 1/1/2021

90, p. 393: http://www.agcensus.usda.gov/Publications/2007/Full_Report/usvl.pdf

72 Assumes average number of milkings per day is 2.8, average hours per milking is 3.7 hours and milking occurs 365 days a year.
Source Milking System Air Consumption When Using a Variable Speed Vacuum Pump. Paper Number: 033014 An ASAE Meeting
Presentation. July 2003

73 Cadmus Loadshape analysis IA_Loadshapes.xls
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3.1.14 Dairy Plate Cooler

DESCRIPTION

This measure characterizes the energy savings from the installation of plate-style milk precoolers on dairy parlor
milk refrigeration systems. A plate cooler uses incoming well water to pre cool the milk before it enters the bulk
tank reducing the cooling load on the compressors.

DEFINITION OF EFFICIENT EQUIPMENT

The criterion for this measure is the installation of a plate-style milk precooler in a dairy parlor; no additional
efficiency qualifications.

DEFINITION OF BASELINE EQUIPMENT

The baseline is dairy parlor milk refrigeration systems, without existing plate-style milk precooler.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT
The expected measure life of a plate cooler is 15 years’™

DEEMED MEASURE COST

Actual material and labor costs should be used if the implementation method allows. If unknown the capital cost for
this measure is assumed to be $ as summarized in the table below.

LOADSHAPE

Loadshape NRE11 — Non-Residential Agriculture

Algorithm

CALCULATION OF SAVINGS

ANNUAL ENERGY SAVINGS ALGORITHM:

Annual kWh = kWh/Cow X NCows

Where:
kWh/Cow = Per cow annual energy savings from plate-style milk precooler in
kWh/cow/yr™>
Equipment Type kWh/cow/year
Installed alone 76.2
Heat reclaimer installed 62.0
Scroll compressor installed 52.9
Both heat reclaimer and scroll compressor installed 65.0

74 2014 Database for Energy-Efficiency Resources (DEER), Version 2014.2.04, “Effective/Remaining Useful Life Values”, California
Public Utilities Commission, February 4, 2014
75 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 352.
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Equipment Type kWh/cow/year
Default if type not know 76 66.5

NCows = Number of milking cows per farm

= Actual, if unknown use 9077
Savings Analysis:

kWh/Cow = (Days X 0.93 Btu X 6 gal X 8.7£ X AT — Btuh of Heat Recovery) X L X L
b °F cow/day gal EER 1000
Days = Number of days in a year (365)78
6 = Gallons of milk per cow per day”®
0.93 = Specific heat of milk&®
8.7 = Density of milk (Ibs/gal)8!
AT = Temperature reduction across precooler (40)82
Btuh of Heat Recovery = Difference in Btuh/yr recovered by heat reclaimer system (with and
without precooler,) if installed (132,12483)
1000 = Conversion factor from watts to kilowatts8
EER = EER used to calculate kWh per cow depends on compressor type

= if installed alone with unknown compressor type, use EER of 9.385

= if installed with unknown compressor type and heat reclaimer, use EER of
9.386

= if installed with scroll compressor, use EER of 10.987

= If installed with scroll compressor and heat reclaimer use EER of 10.988

76 Default type if unknown is a weighted average assuming market penetration of 40% installed alone, 20% heat reclaimer
installed, 20% scroll compressor installed and 20% heat reclaimer and scroll compressor installed. Source: Proportion based on
IPL 2014 EEP assumptions the average of the four installation types.

77 Entered from application form; default value from: 2007 AG Census in IA. Average number of cows per farm = 215,391/2,390
=90, p. 393: http://www.agcensus.usda.gov/Publications/2007/Full_Report/usvl.pdf

78 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 351.

73 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 349.
80 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 352.
81|PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 351.
82 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 351.

83 Calculated from Table H-19 of IPL Energy Efficiency Programs 2009 Evaluation, KEMA; page 349 (constant defined in page 351
was listed incorrectly and was revised to reflect the correct value)
84 |PL Energy Efficiency Programs 2009 Evaluation, KEMA, Appendix F Program Evaluations Group 1, Vol 2, page 351.

85 Typical milk precooler refrigeration systems are medium temperature and use a 2HP equivalent compressor. The baseline EER
of 9.3 is from the Scroll Refrigerant Compressor measure baseline for 2HP compressor.

86 Typical milk precooler refrigeration systems are medium temperature and use a 2HP equivalent compressor. The baseline EER
of 9.3 is from the Scroll Refrigerant Compressor measure baseline for 2HP compressor.

87 Typical milk precooler refrigeration systems are medium temperature and use a 2HP equivalent compressor. The scroll
compressor EER of 10.5 is from the Scroll Refrigerant Compressor measure efficient option for 2HP compressor.

88 Typical milk precooler refrigeration systems are medium temperature and use a 2HP equivalent compressor. The scroll
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ANNUAL ENERGY DEMAND ALGORITHM:
Electric Demand Savings Peak kW—Milk Precooler—Dairy Plate Cooler

AW = AkWh CF
=~ FLH *
Where:
= full load hours
3689%°
CF = coincidence factor
=0.79%

NATURAL GAS ENERGY SAVINGS

N/A

PEAK GAS SAVINGS

N/A

WATER IMPACT DESCRIPTIONS AND CALCULATION
N/A

DEEMED O&M COST ADJUSTMENT CALCULATION
N/A

MEASURE CoDE: NR-AGE-DYPC-V01-170101

SUNSET DATE: 1/1/2021

compressor EER of 10.5 is from the Scroll Refrigerant Compressor measure efficient option for 2HP compressor.

83 Assumes average number of milkings per day is 2.8, average hours per milking is 3.7 hours and milking occurs 365 days a year.
Source Milking System Air Consumption When Using a Variable Speed Vacuum Pump. Paper Number: 033014 An ASAE Meeting
Presentation. July 2003

%0 Cadmus Loadshape analysis IA_Loadshapes_ WORKING DRAFT .xls
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3.2 Hot Water

3.2.1 Low Flow Faucet Aerators

DESCRIPTION

This measure relates to the direct installation of a low flow faucet aerator in a commercial building. Expected
applications include small business, office, restaurant, motel, and hotel. For multifamily or senior housing, the
residential low flow faucet aerator characterization should be used.

This measure was developed to be applicable to the following program types, DI.
If applied to other program types, the measure savings should be verified.
DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure, the installed equipment must be an energy efficient faucet aerator, rated at 1.5 gallons
per minute (GPM)% or less. Savings are calculated on an average savings per faucet fixture basis.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a standard faucet aerator rated at 2.2 GPM®? or greater. Note: if flow rates
are measured, for example through a Direct Install program, then actual baseline flow rates should be used rather
than the deemed values.

DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 9 years.”

DEEMED MEASURE COST

The incremental installed cost for this measure is $16° or program actual cost.

LOADSHAPE

Loadshape NREWO01:16 - Nonresidential Electric Hot Water (by Building Type)
Loadshape NRGWO01:16 — Nonresidential Gas Hot Water (by Building Type)

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Note these savings are per faucet retrofitted®.

S1|PL program product data for 2014 lowa Residential Energy Assessments.

92 DOE Energy Cost Calculator for Faucets and Showerheads:
(http://www1.eere.energy.gov/femp/technologies/eep_faucets_showerheads_calc.html#output)

93 Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June
2007. "http://neep.org/Assets/uploads/files/emv/emv-library/measure_life_GDS%5B1%5D.pdf"

94 Direct-install price per faucet assumes cost of aerator and install time. (2011, Market research average of $3 and assess and
install time of $13 (20min @ $40/hr)).

95 This algorithm calculates the amount of energy saved per aerator by determining the fraction of water consumption savings
for the upgraded fixture. Due to the distribution of water consumption by fixture type, as well as the different number of
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GPM _base — GPM_low

AkWh = %ElectricDHW x * Usage * EPG_electric = ISR
% GPM _base 9 -
Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
DHW fuel %Electric_DHW

Electric 100%
Fossil Fuel 0%
Unknown 53%%

GPM_base = Average flow rate, in gallons per minute, of the baseline faucet “as-used”

= Measured full throttle flow * 0.83 throttling factor®’
If flow not measured, assume (2.2 * 0.83) = 1.83 GPM
GPM_low = Average flow rate, in gallons per minute, of the low-flow faucet aerator “as-used”
= Rated full throttle flow * 0.95 throttling factor®®
If flow not available, assume (1.5 * 0.95) = 1.43 GPM

Usage = Estimated usage of mixed water (mixture of hot water from water heater line and cold
water line) per faucet (gallons per year)

= If data is available to provide a reasonable custom estimate, it should be used - if not,
use the following defaults (or substitute custom information in to the calculation):

. Annual
Estimated % total
Gallons hot e o gallons
. building hot water Multiplier Days per .
o water per unit . 101 mixed
Building Type Unit use from Faucets year
per day®® 100 water per
(€ (D) .
(8) aucet
(A*B*C*D)
Small Office 1 person 100% 10 employees per faucet | 250 2,500
Large Office 1 person 100% 45 employees per faucet | 250 11,250
Fast Food Rest 0.7 meal/day 50% 75 meals per faucet 365.25 9.588

fixtures in a building, several variables must be incorporated.

% Default assumption for unknown fuel is based on EIA Commercial Building Energy Consumption Survey (CBECS) 2012 for
Midwest North Central Region, see ‘CBECS_B32 Water heating energy sources, floorspace, 2012.xIs’. If utilities have specific
evaluation results providing a more appropriate assumption for buildings in a particular market or geographical area, then they
should be used.

97 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline for
Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265.
www.seattle.gov/light/Conserve/Reports/paper_10.pdf

98 2008, Schultdt, Marc, and Debra Tachibana. Energy related Water Fixture Measurements: Securing the Baseline for
Northwest Single Family Homes. 2008 ACEEE Summer Study on Energy Efficiency in Buildings. Page 1-265.
www.seattle.gov/light/Conserve/Reports/paper_10.pdf

99 Table 2-45 Chapter 49, Service Water Heating, 2007 ASHRAE Handbook, HVAC Applications.

100 Estimated based on data provided in Appendix E; “Waste Not, Want Not: The Potential for Urban Water Conservation in
California”; http://www.pacinst.org/reports/urban_usage/appendix_e.pdf

101 Based on review of the plumbing code (Employees and students per faucet). Retail, grocery, warehouse, and health are
estimates. Meals per faucet estimated as 4 bathroom and 3 kitchen faucets and average meals per day of 250 (based on
California study above) — 250/7 = 36. Fast food assumption estimated.
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Building Type

(A)

Estimated % total
building hot water Multiplier

Gallons hot
water per unit

Unit use from Faucets

per day®

101

(€)

Annual

gallons
Days per

year
(D)

mixed
water per

faucet
(A*B*C*D)

Sit-Down Rest 2.4 meal/day 50% 36 meals per faucet 365.25 15,779
Retail employee 100% employees per faucet | 365.25 3,653
Grocery employee 100% employees per faucet | 365.25 3,653
Warehouse employee 100% employees per faucet | 250 2,500
Elementary
school 0.6 person 50% 50 students per faucet 200 3,000
choo
Jr High/High
school 1.8 person 50% 50 students per faucet 200 9,000
choo
Health 90 patient 25% Patients per faucet | 365.25 16,436
Motel 20 room 25% faucet per room 365.25 1,826
Hotel 14 room 25% faucet per room 365.25 1,278
Other 1 employee 100% 20 employees per faucet | 250 5,000
EPG_electric = Energy per gallon of mixed water used by faucet (electric water heater)

= (yWater * 1.0 * (WaterTemp - SupplyTemp)) / (RE_electric * 3412)

=0.0822 kWh/gal if resistance tank (or unknown) 2

=0.0288 kWh/gal if heat pump water heater

Where:

yWater

1.0

WaterTemp

SupplyTemp

RE_electric

102 Assumes 50:50 kitchen and bathroom usage.
103 Averaged monthly water main temperature calculated using the methodology provided in Building America Research
Benchmark Definition, updated December 2009. Pg.19-20. http://www.nrel.gov/docs/fy100sti/47246.pdf; water main
temperature represents the average of TMY3 data from all Class | stations located in Des Moines, IA.

104 Electric water heaters have recovery efficiency of 98%: http://www.ahridirectory.org/ahridirectory/pages/home.aspx

105 Since faucet aerator draws are unlikely to kick the unit into resistance mode, this assumes the unit is in heat pump mode
during recovery. The value is based upon AHRI directory recovery efficiency for units that are not test in resistance mode.

= Specific weight of water (Ibs/gallon)

=8.33 Ibs/gallon

= Heat Capacity of water (Btu/Ib-°F)

= Assumed temperature of mixed water

= 86F for Bath, 93F for Kitchen

= Assumed temperature of water entering building

=56.5103

= Recovery efficiency of electric water heater

=98% % for electric resistance (or unknown)

= 280%105 for heat pump water heaters
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3412 = Converts Btu to kWh (Btu/kWh)
ISR = In service rate of faucet aerators

=Assumed to be 1.0

Based on defaults provided above:1%

AkWh
Building Type Resistance | Heat Pump Unknown DHW
Tank Tank
Small Office 44.9 15.7 23.8
Large Office 202.2 70.8 107.1
Fast Food Rest 172.3 60.3 91.3
Sit-Down Rest 283.5 99.2 150.3
Retail 65.6 23.0 34.8
Grocery 65.6 23.0 34.8
Warehouse 44.9 15.7 23.8
Elementary 53.9 18.9 28.6
School
Jr High/High 161.7 56.6 85.7
School
Health 295.3 103.4 156.5
Motel 32.8 11.5 17.4
Hotel 23.0 8.0 12.2
Other 89.8 314 47.6

SUMMER COINCIDENT PEAK DEMAND SAVINGS

AkWh
AkKW = * CF
Hours

Where:
AkWh = calculated value above on a per faucet basis
Hours = Annual electric DHW recovery hours for faucet use
= (Usage * 0.479'%7)/GPH
Where:

GPH = Gallons per hour recovery of electric water heater calculated for 70F
temp rise (126.5-56.5), 98% for resistance or 280% for heat pump water
tanks recovery efficiency, and typical 12kW electric resistance storage
tank108,

= 68.8 if resistance tank, 196.6 if heat pump

= Calculate if usage is custom, if using default usage use:

106 See “Commercial Faucet Aerator Calculations.xls” for details.
107.47.9% is the proportion of hot 126.5F water mixed with 56.5F supply water to give 90°F mixed faucet water.
108 See “Calculation of GPH Recovery.xls” for more information.
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o Annual Recovery Hours
Building Type

Resistance Tank Heat Pump Tank
Small Office 17.4 6.1
Large Office 78.3 27.4
Fast Food Rest 66.7 23.3
Sit-Down Rest 109.8 38.4
Retail 25.4 8.9
Grocery 25.4 8.9
Warehouse 17.4 6.1
Elementary School 20.9 7.3
Jr High/High School 62.7 21.9
Health 114.4 40.0
Motel 12.7 4.4
Hotel 8.9 3.1
Other 34.8 12.2

CF = Coincidence Factor for electric load reduction

= Dependent on building typel®

Coincidence Factor

Building Type -_
Resistance Tank Heat Pump Tank

Small Office 0.0045 0.0016
Large Office 0.0238 0.0083
Fast Food Rest 0.0114 0.0040
Sit-Down Rest 0.0250 0.0088
Retail 0.0058 0.0020
Grocery 0.0058 0.0020
Warehouse 0.0060 0.0021
Elementary School 0.0054 0.0019
Jr High/High School 0.0161 0.0056
Health 0.0196 0.0069
Motel 0.0009 0.0003
Hotel 0.0006 0.0002
Other 0.0119 0.0042

Based on defaults provided above:!*°

109 Calculated as follows: Assumptions for percentage of usage during peak period (2-6pm) were made and then multiplied by
65/365 (65 being the number of days in peak period) and by the number of total annual recovery hours to give an estimate of
the number of hours of recovery during peak periods. There are 260 hours in the peak period, so the probability there will be
savings during the peak period is calculated as the number of hours of recovery during peak divided by 260. See ‘Commercial

Faucet Aerator Calculations.xls’ for details.

110 See “Commercial Faucet Aerator Calculations.xls” for details.
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AkW

Building Type Resistance Tank Hez:-ta:t:(mp Unknown DHW
Small Office 0.0115 0.0040 0.0061
Large Office 0.0615 0.0215 0.0326
Fast Food Rest 0.0295 0.0103 0.0156
Sit-Down Rest 0.0647 0.0226 0.0343
Retail 0.0150 0.0052 0.0079
Grocery 0.0150 0.0052 0.0079
Warehouse 0.0154 0.0054 0.0082
Elementary School 0.0138 0.0048 0.0073
Jr High/High School 0.0415 0.0145 0.0220
Health 0.0505 0.0177 0.0268
Motel 0.0022 0.0008 0.0012
Hotel 0.0016 0.0006 0.0008
Other 0.0308 0.0108 0.0163

NATURAL GAS SAVINGS

l erms = 0, F()S‘S * * sage * P as *
. GPM base

Where:

%FossilDHW proportion of water heating supplied by fossil fuel heating

DHW fuel %Fossil_DHW

Electric 0%
Fossil Fuel 100%
Unknown 47%11
EPG_gas = Energy per gallon of mixed water used by faucet (gas water heater)

=(8.33 * 1.0 * (WaterTemp'*? - SupplyTemp)) / (RE_gas * 100,000)

= 0.0035 Therm/gal for buildings with storage tank, 0.0047 Therm/gal if hot water
through central boiler or 0.0040 Therm/gal if unknown

Where:
RE_gas = Recovery efficiency of gas water heater
=69% 113

=78% for buildings with storage tank, 59% if hot water through

111 Default assumption for unknown fuel is based on EIA Commercial Building Energy Consumption Survey (CBECS) 2012 for
Midwest North Central Region, see ‘CBECS_B32 Water heating energy sources, floorspace, 2012.xls’. If utilities have specific
evaluation results providing a more appropriate assumption for buildings in a particular market or geographical area, then they
should be used.

112 Assumes 50:50 kitchen and bathroom usage.

113 Commercial properties are often provided by a larger commercial boiler. This suggests that the average recovery efficiency
is somewhere between a typical central boiler efficiency of .59 and the .78 for single family home. An average is used for this
analysis by default.
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central boiler or 69% if unknown114
100,000 = Converts Btus to Therms (Btu/Therm)

Other variables as defined above.

Based on defaults provided above:*®

ATherms
Buildings Buildings
Building Type . 2 ] 2 Unknown Unknown
with Storage  with Central
. Gas DHW DHW
tank Boiler DHW
Small Office 1.9 2.5 2.2 1.0
Large Office 8.7 11.5 9.8 4.6
Fast Food Rest 7.4 9.8 8.3 3.9
Sit-Down Rest 12.2 16.1 13.7 6.5
Retail 2.8 3.7 3.2 1.5
Grocery 2.8 3.7 3.2 15
Warehouse 1.9 2.5 2.2 1.0
Elementary
2.3 3.1 2.6 1.2
School
Jr High/High
gh/Hig 6.9 9.2 7.8 3.7
School
Health 12.7 16.7 14.3 6.7
Motel 1.4 1.9 1.6 0.7
Hotel 1.0 1.3 1.1 0.5
Other 3.9 5.1 4.4 2.0

PEAK GAS SAVINGS

Savings for this measure are assumed to be evenly spread across the year. The Peak Gas Savings is therefore assumed
to be:

APeakTherms = M
365.25
Where:
ATherms = Therm impact calculated above
365.25 = Days per year

Based on defaults provided above!?®:

114 Water heating in multifamily buildings is often provided by a larger central boiler. An average efficiency of 0.69 is used for
this analysis as a default for multifamily buildings where water heating system is unknown.

115 See “Commercial Faucet Aerator Calculations.xls” for details.

116 See “Commercial Faucet Aerator Calculations.xls” for details.
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APeakTherms
Buildings with
Building Type Buildings with 2 ! Unknown Unknown
Central Boiler
Storage tank Gas DHW DHW
DHW
Small Office 0.0053 0.0070 0.0060 0.0028
Large Office 0.0237 0.0314 0.0268 0.0126
Fast Food Rest 0.0202 0.0267 0.0228 0.0107
Sit-Down Rest 0.0333 0.0440 0.0376 0.0177
Retail 0.0077 0.0102 0.0087 0.0041
Grocery 0.0077 0.0102 0.0087 0.0041
Warehouse 0.0053 0.0070 0.0060 0.0028
Elementary School 0.0063 0.0084 0.0072 0.0034
Jr High/High
0.0190 0.0251 0.0215 0.0101
School
Health 0.0346 0.0458 0.0392 0.0184
Motel 0.0038 0.0051 0.0044 0.0020
Hotel 0.0027 0.0036 0.0030 0.0014
Other 0.0105 0.0139 0.0119 0.0056

WATER IMPACT DESCRIPTIONS AND CALCULATION

AGall GPM_base — GPM_low U ISR
= * *
arons GPM_base sage

Variables as defined above

Based on defaults provided above:!’

Building Type AGallons

Small Office 546
Large Office 2459
Fast Food Rest 2094
Sit-Down Rest 3447
Retail 798
Grocery 798
Warehouse 546
Elementary School 656
Jr High/High School 1967
Health 3590
Motel 399

Hotel 279

Other 1093

DEEMED O&M COST ADJUSTMENT CALCULATION

117 See “Commercial Faucet Aerator Calculations.xls” for details.
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N/A
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3.2.2 Low Flow Showerheads

DESCRIPTION

This measure relates to the direct installation of a low flow showerhead in a commercial building. Expected
applications include small business, office, motel, and hotel. For multifamily or senior housing, the residential low
flow showerhead should be used.

This measure is not recommended unless a thermostatic mixing valve is also present to prevent the potential for
scalding due to the loss of thermal buffering in water volume when supply water temperature or line pressure
changes suddenly18,

This measure was developed to be applicable to the following program types: DI.

If applied to other program types, the measure savings should be verified.

DEFINITION OF EFFICIENT EQUIPMENT

To qualify for this measure the installed equipment must be an energy efficient showerhead rated at 1.5 gallons per
minute (GPM) or less. Savings are calculated on a per showerhead fixture basis.

DEFINITION OF BASELINE EQUIPMENT

The baseline condition is assumed to be a standard showerhead rated at 2.5 GPM.
DEEMED LIFETIME OF EFFICIENT EQUIPMENT

The expected measure life is assumed to be 10 years.119

DEEMED MEASURE COST

The incremental installed cost for this measure is $2012° or program actual.

LOADSHAPE

Loadshape NREWO01:16 - Nonresidential Electric Hot Water (by Building Type)
Loadshape NRGWO01:16 — Nonresidential Gas Hot Water (by Building Type)

Algorithm

CALCULATION OF SAVINGS

ELECTRIC ENERGY SAVINGS

Note these savings are per showerhead fixture:

118 For more information see http://www.allianceforwaterefficiency.org/commercial_restroom audit.aspx, http://www.asse-
plumbing.org/Scaldhazards.pdf

119 Table C-6, Measure Life Report, Residential and Commercial/Industrial Lighting and HVAC Measures, GDS Associates, June
2007. Evaluations indicate that consumer dissatisfaction may lead to reductions in persistence, particularly in Multifamily
buildings.

120 Djrect-install price per showerhead assumes cost of showerhead (Market research average of $7 and assess and install time
of $13 (20min @ $40/hr).
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AkWh = %ElectricDHW x ((GPM_base — GPM_low) * (L * SPD) * 365.25) * EPG_electric

* ISR
Where:
%ElectricDHW = proportion of water heating supplied by electric resistance heating
DHW fuel %ElectricDHW
Electric 100%
Natural Gas 0%
Unknown 53%121
GPM_base = Flow rate of the baseline showerhead

= Actual measured flow rate - If not measured, assume 2.5 GPM122
GPM_low = Flow rate of the low-flow showerhead

= Actual measured flow rate - If not measured, assume 1.5 GPM

(L * SPD) = Minutes of use per showerhead annually. Ideally, this should be calculated using the
following:
L = Shower length in minutes with showerhead
=7.8 min1z3
SPD = Showers Per Day for showerhead

= Input estimate

= If it is not possible to provide a reasonable custom estimate, the following defaults can

be used!?4;
o Annual Minutes per Showerhead
Building Type (L* SPD)
Hospitality 3,509
Health 2,528
Commercial — Employee Shower 1,894
Education 2,057
Other Commercial Except Fitness Center 3,029
Fitness Center 56,893
365.25 = Days per year, on average
EPG_electric = Energy per gallon of hot water supplied by electric

121 pefault assumption for unknown fuel is based on EIA Commercial Building Energy Consumption Survey (CBECS) 2012 for
Midwest North Central Region, see ‘CBECS_B32 Water heating energy sources, floorspace, 2012.xls’. If utilities have specific
evaluation results providing a more appropriate assumption for buildings in a particular market or geographical area, then they
should be used.

122 The Energy Policy Act of 1992 (EPAct) established the maximum flow rate for showerheads at 2.5 gallons per minute (gpm).
123 Assumed consistent with Residential assumption; Cadmus and Opinion Dynamics Showerhead and Faucet Aerator Meter
Study Memorandum dated June 2013, directed to Michigan Evaluation Working Group. This study of 135 single and multifamily
homes in Michigan metered energy parameters for efficient showerhead and faucet aerators.

124 Default values are based upon a Northwest Power and Conservation Council Regional Technical Forum workbook, see
“ComDHWShowerhead_v3_0.xls”. Estimates are derived based on a combination of evaluation assumptions, surveys and
professional judgment.
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= (yWater * 1.0 * (ShowerTemp - SupplyTemp)) / (RE_electric * 3412)
=0.1109 kWh/gal for resistance (or unknown) unit, 0.0543 kWh/gal for heat pump water

heaters
Where:
yWater = Specific weight of water (Ibs/gallon)
= 8.33 Ibs/gallon
1.0 = Heat Capacity of water (Btu/Ib-°)
ShowerTemp = Assumed temperature of water
=101F?
SupplyTemp = Assumed temperature of water entering house
=56.51%6
RE_electric = Average Recovery efficiency of electric water heater
=98% %’ for 